Parameters of charmonium states from KEDR by KEDR Collaboration et al.
ar
X
iv
:1
31
1.
75
30
v1
  [
he
p-
ex
]  
29
 N
ov
 20
13
Parameters of charmonium states from KEDR
V. M. Aulchenkoa,b, E. M. Baldina,b,∗, A. K. Barladyana, A. Yu. Barnyakova,
M. Yu. Barnyakova, S. E. Barua,b, I. Yu. Basoka, A. M. Batrakova, A. E. Blinova,
V. E. Blinova,c, A. V. Bobrova, V. S. Bobrovnikova, A. V. Bogomyagkova,b,
A. E. Bondara,b, A. R. Buzykaeva, S. I. Eidelmana,b, D. N. Grigorieva,b,c,
V. R. Grosheva, Yu. M. Glukhovchenkoa, V. V. Gulevicha, D. V. Guseva, S. E. Karnaeva,
G. V. Karpova, S. V. Karpova, T. A. Kharlamovaa, V. A. Kiseleva, V. V. Kolmogorova,
S. A. Kononova,b, K. Yu. Kotova, E. A. Kravchenkoa,b, V. N. Kudryavtseva,
V. F. Kulikova,b, G. Ya. Kurkina,c, E. A. Kupera,b, I. A. Kuyanova, E. B. Levicheva,c,
D. A. Maksimova,b, V. M. Malysheva, A. L. Maslennikova, O. I. Meshkova,b,
S. I. Mishneva, I. I. Morozova,b, N. Yu. Muchnoia,b, V. V. Neufelda, S. A. Nikitina,
I. B. Nikolaeva,b, I. N. Okuneva, A. P. Onuchina,c, S. B. Oreshkina, I. O. Orlova,b,
A. A. Osipova, I. V. Ovtina, S. V. Peleganchuka, S. G. Pivovarova,c, P. A. Piminova,
V. V. Petrova, A. O. Poluektova, V. G. Prisekina, O. L. Rezanovaa,b, A. A. Rubana,
V. K. Sandyreva, G. A. Savinova, A. G. Shamova, D. N. Shatilova, B. A. Shwartza,b,
E. A. Simonova, S. V. Sinyatkina, A. N. Skrinskya, A. V. Sokolova,b, A. M. Sukhareva,
E. V. Starostinaa,b, A. A. Talysheva,b, V. A. Tayurskya, V. I. Telnova,b,
Yu. A. Tikhonova,b, K. Yu. Todysheva,b, G. M. Tumaikina, Yu. V. Usova,
A. I. Vorobiova, V. N. Zhilicha, V. V. Zhulanova,b, A. N. Zhuravleva,b
aBudker Institute of Nuclear Physics, 11, akademika Lavrentieva prospect, Novosibirsk, 630090, Russia
bNovosibirsk State University, 2, Pirogova street, Novosibirsk, 630090, Russia
cNovosibirsk State Technical University, 20, Karl Marx prospect, Novosibirsk, 630092, Russia
Abstract
We report results of experiments performed with the KEDR detector at the VEPP-4M
e+e− collider. They include final results for the mass and other parameters of the J/ψ,
ψ(2S ) and ψ(3770) and J/ψ→ γηc branching fraction determination.
Keywords: detector, charmonium, collider
PACS: 13.20.Gd, 13.66.De, 14.40.Gx
1. VEPP-4M collider
The VEPP-4M collider [1] with the KEDR detector [2] can operate in the wide
range of beam energy from 1 to 6 GeV. The luminosity is quite modest, but VEPP-4M
is equipped with two independent systems for precise energy determination [3]: the
resonant depolarization facility and infrared light Compton backscattering one.
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Figure 1: J/ψ mass comparison. Figure 2: ψ(2S ) mass comparison.
2. J/ψ and ψ(2S) mass measurement
The J/ψ and ψ(2S ) masses were measured using additional statistics. System-
atic errors in mass measurements are the main issue. More than 20 different effects
were considered: energy spread, energy assignment, energy difference of e+ and e−,
beam misalignment, luminosity etc. New mass measurements will supersede the old
results [4].
The final mass values obtained are:
M (J/ψ) = (3096.900± 0.002 ± 0.006) MeV,
M (ψ(2S )) = (3686.100± 0.004 ± 0.009) MeV.
A comparison with other measurements is presented in Figs. 1 and 2 for the J/ψ
and ψ(2S ) masses, respectively. The position and width of the bar correspond to the
PDG2012 fit [5].
3. Comparison of the J/ψ leptonic widths
The ratio of the electron and muon widths of the J/ψ meson has been measured at
the KEDR detector using direct J/ψ decays. The result
Γe+e− (J/ψ)/Γµ+µ− (J/ψ) = 1.0022 ± 0.0044 ± 0.0048 (0.65%)
is in good agreement with the lepton universality. The experience collected during this
analysis will be used for a J/ψ lepton width determination with up to 1% accuracy.
A comparison with other measurements is presented in Fig. 3. The position and
width of the bar correspond to the PDG2012 fit [5]. Currently the world average value
of the J/ψ meson lepton width is completely dominated by the CLEO results obtained
in 2005 [6]. Recently the BESIII collaboration announced the most precise measure-
ment of the ratio of the electron and meson widths [7]. For that analysis both experi-
ments used the ψ(2S ) → J/ψπ+π−, J/ψ→ ℓ+ℓ− decay chain (ℓ = e, µ).
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Figure 3: J/ψ Γee/Γµµ comparison. Figure 4: ψ(2S ) Γee × Γµµ/Γ comparison.
4. Study of ψ(2S) → µ+µ− decay
Since 2004 KEDR has been taking data at the VEPP-4M collider in the ψ(2S )
region and acquired a total luminosity of about 7 pb−1, which corresponds to more than
3.5 × 106 ψ(2S ).
We report the preliminary value of
Γee(ψ(2S )) × Γµµ(ψ(2S ))/Γ(ψ(2S )) = (19.4 ± 0.4 ± 1.1) eV.
No direct measurement of this quantity is listed in the PDG tables. For comparison
(the position and width of the bar in Fig. 4) we use the product of the two world average
values – Γee and Bµµ.
5. The main parameters of the ψ(3770)
For the ψ(3770) mass measurement the joint ψ(2S ) and ψ(3770) scans were per-
formed. Data analysis takes into account interference between the resonant and non-
resonant DD production.
Our final results for mass and width are [8]:
M(ψ(3770)) = 3779.2 +1.8
−1.7
+0.5
−0.7
+0.3
−0.3 MeV,
Γ(ψ(3770)) = 24.9 +4.6
−4.0
+0.5
−0.6
+0.2
−0.9 MeV.
When a resonance interferes with a variable continuum, the ambiguity appears.
Figure 5 illustrates two solutions corresponding to VDM. The resulting cross sections,
mass and width are almost indistinguishable, but for the lepton width and phase we
have two solutions:
(1) Γee(ψ(3770)) = 154 +79−58 +17−9 +13−25 eV, φ = (171 ± 17) ◦,
(2) Γee(ψ(3770)) = 414 +72−80 +24−26 +90−10 eV, φ = (240 ± 9) ◦.
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Figure 5: The ψ(3770) cross section with two fit solu-
tions.
Figure 6: The inclusive photon spectrum and the
ηc observed cross section.
Recently the VDM approach was applied for the joint analysis of BABAR, BELLE,
BES, CLEO and KEDR data on DD– and inclusive hadronic cross sections [9]:
Solution M (MeV) Γ (MeV) BnD ¯D Γee(eV) φ (deg)
1 3779.3±1.0 26.7±1.4 0.19±0.05 202±18 185.6±5.2
2 3779.5±1.0 26.8±1.4 0.11±0.03 346±19 228.6±3.0
The results of KEDR were confirmed at the much better level of accuracy.
6. B(J/ψ → γηc)
The ηc mass, width and branching fraction of J/ψ → γηc decay have been measured
in the inclusive photon spectrum of multihadron J/ψ decays (Fig. 6), using a sample of
about 6 million J/ψ mesons.
J/ψ → γηc decay is an M1 transition between the 1S states of charmonium, so
its rate can be easily calculated in potential models in the limit of a zero width of the
resonance. For this decay, the resonance width to transition energy ratio is about 1/4,
thus the photon line shape deviates from the Breit-Wigner. During the analysis the ω3
factor near the ηc resonance and interference effects were taken into account.
Our final result for the branching fraction of J/ψ→ γηc is:
B(J/ψ→ γηc) = (3.58 ± 0.38 ± 0.20)%
7. Summary
Most of the results are in good agreement with the world average values if they
exist and have comparable or better accuracy.
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The results of the KEDR detector on ψ(3770) are confirmed by joint analysis of
data published by 5 experiments at a better accuracy level.
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